Abstract. We report the determination from high-resolution spectra of the atmospheric parameters and abundances of 13 chemical species (among which lithium) in 8 single-lined active binaries. These data are combined with our previous results for 6 other RS CVn systems to examine a possible relationship between the photospheric abundance patterns and the stellar activity level. The stars analyzed are generally found to exhibit peculiar abundance ratios compared to inactive, galactic disk stars of similar metallicities. We argue that this behaviour is unlikely an artefact of errors in the determination of the atmospheric parameters or non-standard mixing processes along the red giant branch, but diagnoses instead the combined action of various physical processes related to activity. The most promising candidates are cool spot groups covering a very substantial fraction of the stellar photosphere or NLTE effects arising from nonthermal excitation. However, we cannot exclude the possibility that more general shortcomings in our understanding of K-type stars (e.g. inadequacies in the atmospheric models) also play a significant role. Lastly, we call attention to the unreliability of the (V − R) and (V − I) colour indices as temperature indicators in chromospherically active stars.
Introduction
The class of RS CVn binaries is loosely defined as being composed of systems made up of two late-type, chromospherically active stars, at least one of which having already evolved off the main sequence (Hall 1976) . Because the chromospheric activity is rejuvenated by the spinning up of the stars due to the transfer of orbital angular momentum to the rotational spin, they can sustain high activity levels at advanced ages compared to otherwise similar, single stars. A better understanding of this phenomenon, and in particular of the temporal evolution of the stellar activity level (e.g. the coronal X-ray emission), requires a good handle on their evolutionary status (e.g. Barrado et al. 1994) . Precise estimates of the atmospheric parameters and abundances are necessary for a robust determination of the isochrone ages, which are very sensitive in cool stars to the choice of T eff , [Fe/H] and [α/Fe] . The lithium con-tent can also be used to set stringent constraints on the evolutionary status, but accurate effective temperatures are needed. In virtue of the growing body of evidence for distinct abundance trends of some elements in thin and thick disk stars (e.g. Bensby, Feltzing & Lundström 2003) , elemental abundances can also complement the kinematical data to help establishing whether these objects belong to young or old disk star populations.
We have started a project that aims at deriving the photospheric parameters and abundances of several key chemical species in a large sample of active binaries. First results for IS Vir and V851 Cen have been presented in Katz et al. (2003, hereafter Paper I) . Four additional RS CVn binaries have been analyzed in the second paper of this series (Morel et al. 2003, hereafter Paper II) . The most salient results of these studies can be summarized as follows: (a) active binaries are not as irondeficient as previously claimed, (b) they present a large overabundance of most elements with respect to iron and (c) they exhibit photometric anomalies leading to spuriously low (V−R) and (V − I) colour temperatures.
These inferences were, however, somewhat tentative because of the small number of objects studied. We have therefore complemented these data by obtaining spectra for 8 additional 2 T. Morel et al.: The photospheric abundances of active binaries III.
single-lined RS CVn binaries. Here we use the whole dataset to draw more robust conclusions regarding the behaviour of the photospheric abundances as a function of the activity level and to address the reliability of LTE abundance analyses at the upper end of the stellar activity distribution.
Observational material
The spectra were obtained in July 2003 at the ESO 2.2-m telescope (La Silla, Chile) with the fiber-fed, cross-dispersed echelle spectrograph FEROS in the object+sky configuration. The spectral range covered is 3600-9200 Å (resolving power R∼48 000), hence enabling a simultaneous coverage of Ca  H+K and the spectral lines used as abundance indicators.
The 8 main programme stars (all of spectral type G8-K2 IV-III) are drawn from the catalogue of chromospherically active stars of Strassmeier et al. (1993) . Since fast rotators are not amenable to a curve-of-growth abundance analysis because of blending problems, only stars satisfying v sin i < ∼ 10 km s −1 were considered. Seven presumably single stars of similar spectral type, but with a much lower level of X-ray emission (Hünsch, Schmitt & Voges 1998) were also observed. They were selected on the basis of their colours and absolute magnitudes. Because of observational constraints, the reader should bear in mind that the control stars do not exactly match the properties of the target sample: they are on average slightly bluer and younger. Some basic properties of the targets and further details on the observing campaign (mean heliocentric Julian date of the observations, typical signal-to-noise ratio) can be found in Tables 1a-b. As will be apparent in the following, one star originally classified as an active binary (HD 28, 33 Psc) actually displays an extremely low level of activity (see also Walter 1985) .
Tasks implemented in the IRAF 1 package were used to carry out the standard reduction procedures for echelle spectra (i.e. bias subtraction, flat-field correction, removal of scattered light, order extraction and wavelength calibration). The continuum normalization was performed using Kurucz synthetic spectra (Kurucz 1993) calculated for an initial guess of the atmospheric parameters and metallicities. When available, temperature and metallicity values were taken from the compilations of Taylor (2003) and Cayrel de Strobel, Soubiran & Ralite (2001) , respectively. These preliminary temperature estimates differ by less than 125 K from our final values derived from the excitation equilibrium of the iron lines. Otherwise, the temperatures were determined from (B − V) indices (Alonso, Arribas & Martínez-Roger 1999 or, in a few cases, calibrated on the spectral type (Flower 1996) . If unknown, solar metallicity was assumed. We adopted for all the stars log g=2.7 cm s −2 . In the vast majority of cases, this estimate is in resonable agreement both with previous works (Cayrel de Strobel et al. 2001 ) and with our final values. The v sin i values used are quoted in Tables 1a-b. The line-free regions were selected 1 IRAF is distributed by the National Optical Astronomy Observatories, operated by the Association of Universities for Research in Astronomy, Inc., under cooperative agreement with the National Science Foundation. from these synthetic spectra and then fitted by low-degree polynomials in the observed spectra. Every spectral line in our list was inspected in the 3 consecutive exposures obtained in order to identify the spectra with an imperfect continuum normalization or cosmic ray events. Any individual exposure affected by such problems was excluded during the co-adding procedure. Finally, we corrected for the star's systemic velocity by Doppler-shifting the spectra by the mean radial velocity of the lines under study.
Analysis
To ensure consistency, the abundance analysis carried out here is identical in all respects to the procedure employed in Paper II (to which the reader is referred to for full details). In particular, we used the same line list (optimized for early K-type stars) and oscillator strengths. To calibrate the atomic data, we made use of a very high S/N FEROS moonlight spectrum and a Kurucz solar model with T eff =5777 K, log g=4.44 cm s −2 and a microturbulent velocity ξ=1.0 km s −1 (Cox 2000) . The oscillator strengths were adjusted until Kurucz's solar abundances (quoted in Table A .1, only available in electronic form) were reproduced. An extensive comparison between our log g f values and literature data is presented in the Appendix of Paper II.
The effective temperature and surface gravity were derived from the excitation and ionization equilibrium of the iron lines, while the microturbulent velocity was determined by requiring the Fe  abundances to be independent of the line strength. The abundances were derived from a differential LTE analysis using plane-parallel, line-blanketed Kurucz atmospheric models (with a length of the convective cell over the pressure scale height, α=l/H p =0.5, and no overshoot) and the current version of the MOOG software (Sneden 1973) . The equivalent widths (EWs) were measured from Gaussian fitting and are quoted in Table A .1. The lithium abundance was determined from a spectral synthesis of the Li  λ6708 doublet (see Paper II).
The reliability of abundance analyses relying on excitation temperatures may be questioned because of departures from LTE preferentially affecting the low-excitation iron lines (e.g. Ruland et al. 1980) . Similarly to what has been done in Paper II, we have therefore repeated the whole procedure after rejection of the Fe  lines with a first excitation potential, χ, below 3.5 eV. In this case, we used effective temperatures derived from T eff -(B − V) empirical calibrations (Alonso et al. 1999) . As will be shown below, these values turn out in most cases to be slightly lower than the temperatures derived from the excitation equilibrium of the Fe  lines. The resulting abundance ratios will not be considered further, as they are identical, within the uncertainties, to the values derived using our main method.
Results
The atmospheric parameters (T eff , log g and ξ) and abundances are given in Tables 1a-b and 2a-b, respectively. Note that the abundances of Li, Na, Mg and Ca have been converted into NLTE values. The corrections range from ∆ǫ=log(ǫ) NLTElog(ǫ) LTE =+0.10 to +0.26 for Li  λ6708 (Carlsson et al. 1994) , from -0.09 to +0.06 dex for Na  λ6154 and from +0.04 to +0.15 dex for Mg  λ5711 (Gratton et al. 1999) . For convenience, these corrections are listed on a star-to-star basis in Table B .1 (we also include the stars analyzed in Paper II). For the Ca lines, we used for all the stars ∆ǫ=+0.09, +0.07 and +0.01 for Ca  λ6166, 6456 and 6500, respectively (Drake 1991) . For the other chemical species, no NLTE corrections for the relevant range of physical parameters are available in the literature.
The radiative loss in the Ca  H+K lines in units of the bolometric luminosity, R ′ HK , was used as primary activity indicator. This quantity was derived from our spectra following Linsky et al. (1979) . The relative emission-line fluxes of the Ca  H+K lines were calculated by integrating the unnormalized spectra in the wavelength range encompassing the emission components, and subsequently dividing these quantitities by the total counts integrated in the 3925-3975 Å bandpass. The conversion to absolute fluxes was performed using an empirical calibration between (V − R) and the absolute surface flux in the 3925-3975 Å wavelength range, F 50 (Linsky et al. 1979) . Finally, these two quantities were corrected for photospheric contribution, and the sum divided by the bolometric luminosity to obtain R ′ HK (see Paper II for further details). The colour anomalies discussed in Sect. 5.1 lead to a systematic, dramatic underestimation of F 50 , and ultimately R ′ HK (up to 0.5 dex), when adopting the observed (V − R) colour. We therefore used instead the colour appropriate for a star with the derived T eff and [Fe/H] (eq. (5) of Alonso et al. 1999) . We regard this approach as a major improvement compared to what has been done in Paper II. Consequently, the activity indices for the 6 stars discussed in this paper have been re-calculated accordingly. The bolometric luminosities were estimated from theoretical isochrones (see Sect.5.2). We also define R X , which is given as the ratio between the X-ray (in the ROSAT [0.1-2.4 keV] energy band) and bolometric luminosities. Finally, we use the maximum amplitude of the wave-like photometric variations in V band, ∆V wave , as a proxy of stellar spottedness (values from Strassmeier et al. 1993) . The activity indices, as well as the source of the X-ray data, are given in Tables 1a-b.
The kinematic data for the programme stars were calculated following Paper II (Tables 1a-b). The control stars have kinematical properties typical of the thin disk population, but some RS CVn binaries have large rotational lags (V∼-50 km (Yi et al. 2001; Kim et al. 2002) . The age of the isochrones (in Gyr) is indicated in the left-hand panels. Symbols as in Fig. 1 . s −1 ) pointing to a possible thick disk membership. We follow Bensby, Feltzing & Lundström (2004) to estimate the probability that a star belongs to the thin/thick disk or to the halo, using the calculated velocity components with respect to the LSR (U, V and W) and considering the characteristic velocity dispersions of these stellar populations (σ U , σ V and σ W ). It is assumed that the galactic space velocities in the solar neighbourhood can be approximated by a Gaussian distribution. The other quantities entering in the calculations are the observed local fraction of stars, X, and the asymmetric drift, V asym , corresponding to each population. All the relevant values are taken from table 1 of Bensby et al. (2004) . The likelihood for a thin or thick disk membership can be parameterized by the ratio of the respective probabilities for both components, D/T D (Bensby et al. 2004) . Only HD 83442 is very likely to be a thick disk star (D/T D=0.02, i.e. the star is 50 times more likely to belong to the thick disk than to the thin disk), whilst the case of HD 10909 and HD 119285 is more ambiguous (D/T D=0.86 and 0.60, respectively). These 3 active binary systems have been discussed in Paper II. All the other stars in our sample are very likely to belong to the thin disk (D/T D > 8). None is part of the galactic halo.
Reliability of the atmospheric parameters
An abundance analysis of active stars relying on effective temperatures and surface gravities derived from classical 1-D LTE atmospheric models might be questioned because of the existence of large-scale photospheric structures (e.g. plages, cool spots) and an overlying, prominent chromosphere. Before discussing the abundance patterns, let us first examine the reliability of our derived atmospheric parameters. In the following discussion, we shall combine our results with data taken from Paper II for 6 additional RS CVn binaries.
Effective temperatures
A consistency check on our temperature estimates is provided by a comparison with colour temperatures computed from the (B − V), (V − R) and (V − I) indices, using calibrations based on the infrared flux method (Alonso et al. 1999) . The photometric data used, as well as the literature sources are quoted in Tables 1a-b. Preference was given to repeated observations in order to minimize possible colour variations arising from the rotational modulation of active regions. In most cases, the adopted colours are the mean of more than 15 (and up to 70) Table 1a . Physical parameters of the active binaries. Spectral type, rotational and orbital periods from Strassmeier et al. (1993) . We quote the typical S/N ratio at 6700 Å after combination of the individual exposures. The A(V) values are derived from the empirical galactic extinction model of Arenou, Grenon & Gómez (1992) . The colours in the Cousins and Kron photometric systems have been transformed into Johnson values following Bessell (1979) . ∆V wave is the maximum amplitude of the wave-like photometric variations in V band (Strassmeier et al. 1993) . v r is the radial velocity adopted in the computation of the velocity components. The peculiar space velocity, S , is given by: 1.026 [4] 0.959 [4] 1.161 [4] 1.073 [4] 0.969 [4] 0.983 [4] 1.010 [5] (V − R) 0 (mag) 0.755 [6] 0.837 [4] 0.774 [4] 0.919 [4] 0.842 [4] 0.874 [4] 0.752 [4] (V − I) 0 (mag) 1.268 [6] 1.423 [4] 1.294 [4] 1.554 [4] 1.415 [4] 1.533 [4] 1.255 [4] 1.249 31.43±0.34 [8] 30.92±0.07 [7] 30.88±0.30 [9] 30.99±0.15 [10] 31.50±0.37 [10] 31.27±0.22 [8] 30.69±0.16 [8] log (R X ) 2.0
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time-resolved measurements. In case of a metallicity dependent relation, we used our derived [Fe/H] values. The excitation temperatures of the active binaries appear marginally higher than the values derived from T eff -(B − V) calibrations: <T exc -T colour >=+80±46 K. This fair agreement is gratifying, but we cannot rule out that it is circumstantial in view of previous claims of a (B − V) excess in active stars (e.g. Amado 2003; Stauffer et al. 2003) . We also warn the reader that our excitation temperatures may be affected by other shortcomings (e.g. NLTE effects). In sharp contrast, the mean difference amounts to +201±36 and +215±35 K for (V−R) and (V−I), respectively. As discussed in Papers I and II, the differences are unlikely to be accounted for by spottedness or by the existence of a faint, cooler companion.
We show in Fig. 1 a comparison between the excitation and colour temperatures, as a function of the three activity indices defined above. There is a general trend for an increasing disagreement with higher R ′ HK and R X values. The false alarm probabilities for a chance correlation between the temperature differences and the activity indices are quoted in Table 3 . An increasing discrepancy between the excitation temperatures and the (V − R)-and (V − I)-based estimates at higher activity level is quantitatively confirmed for the R X and, to a lesser extent, for the R ′ HK data. This conclusion holds irrespective of whether the whole dataset or only the active binaries are considered. There is a hint of a similar trend for the (B − V) data, but the correlation is not statistically significant.
The tendency for the (V − R) and (V − I) indices to yield systematically lower temperatures than (B − V) has been reported in several occasions for active stars, either in the field (Fekel, Moffett & Henry 1986) or in young open clusters (García López, Rebolo & Martín 1994; Randich et al. 1997; Soderblom et al. 1999) . Although early attempts to link these colour anomalies to activity have been inconclusive in disk stars, presumably because of a limited range in activity level (Rucińsky 1987) , evidence for a (V−I) excess in the most active Pleiades stars has been presented by King, Krishnamurthi & Pinsonneault (2000) . A distortion of the spectral energy distribution because of activity-related processes is indeed expected, but the quantitative effect on the broad band colours is difficult to assess (e.g. Stuik, Bruls & Rutten 1997) . Chromospheric models for M-type dwarfs indicate a substantial modulation, as Type  G8 II-III  G8 II  K1 III  G8 III-IV  K2 III  G8 III-IV  G8 III 
< ∼ 15 [12] < ∼ 15 [12] 3.0 [13] 0.949 [15] 0.864 [14] 0.795 [16] 1.069 [14] 0.961 [14] 0.889 [14] (V − R) 0 (mag) 0.683 [17] 0.733 [17] 0.677 [17] 0.734 [6] 0.676 [6] (V − I) 0 (mag) 1.144 [17] 1.204 [17] 1.113 [17] 1.251 [6] 1.130 [6] T colour (B − V) (K) 29.45±0.07 [18] 29.52±0.20 [18] 28.97±0.18 [18] 29.42±0.13 [18] 29.86±0.14 [18] log (R X ) The typical 1-σ uncertainty is 100 K. c A blank indicates that the Ca  H+K profiles were not filled in by emission. The errors take into account the uncertainties in (V − R) 0 and T eff . d All luminosities were rescaled to the Hipparcos distances. The errors take into account the uncertainties in the X-ray counts and in the distances. a function of the activity level, not only of the emergent continuum flux in the UV domain, but also in the optical and nearinfrared wavebands (Houdebine et al. 1996; see, however, West et al. 2004 ). On the observational side, the infrared excess intrinsic to some RS CVn binaries has been claimed to diagnose the existence of cool, circumstellar material (e.g. Scaltriti et al. 1993 , and references therein).
Surface gravities
We show in Fig. 2 (Yi et al. 2001; Kim et al. 2002) . We use Hipparcos data and the excitation temperatures. The stellar ages and masses derived from the evolutionary tracks are given in Tables 1a-b. The surface gravities determined from the ionization equilibrium of the Fe lines appear systematically lower for the RS CVn binaries than the values derived from the isochrones (<log g ioni -log g iso >=-0.21±0.06 dex). In contrast, there is a good agreement for the control stars: <log g ioni -log g iso >=-0.01±0.08 dex. This discrepancy in the gravity estimates could be plausibly caused by an overionization of iron (see below). There is a hint that the surface gravities determined from fitting the wings of collisionally-broadened lines tend to be systematically higher than values derived from the ionization equilibrium of the Fe lines (Paper I). Other interpretations are, however, possible. Because T eff and log g are interdependent, for instance, such a gravity offset could be an artefact of a small, systematic underestimation of the effective temperatures (at the ∼70 K level).
Summarizing, we conclude that our T eff and log g estimates are liable to systematic errors of the order of 150 K and 0.25 dex, respectively. The sensitivity of the abundance ratios against such changes is examined in Table 4 . The impact is limited and is typically comparable to the abundance uncertainties (∆[M/Fe] < ∼ 0.12 dex).
Abundance patterns
As can be seen in Fig. 3 , there is a fairly clear dichotomy between the abundance patterns of the two samples of active and inactive stars. The active binaries exhibit as a class a chemical composition departing more conspicuously from the solar mix (compare the left-and right-hand panels). Figure 4 shows the abundance ratios as a function of [Fe/H]. The increasing abundance ratios of several chemical species (e.g. the α elements) with decreasing [Fe/H] is a wellknown feature of galactic disk stars, and may be naturally explained in terms of a varying relative contribution of Type Ia/Type II supernova ejecta to the chemical composition of the natal interstellar cloud. However, the large overabundances observed cast some doubt on this interpretation. We overplot in Fig. 4 the characteristic abundance patterns of kinematicallyselected samples of thin and thick disk FG dwarfs (Bensby et al. 2003) . The overabundances presented by the active binaries appear generally much more marked at a given metallicity than for either of these two populations. For instance, [Ca/Fe]∼0.35 dex at [Fe/H]=-0.4, while [Ca/Fe]∼0.1 and 0.2 dex only for thin and thick disk stars, respectively (we recall that very few stars in our sample are expected to belong to the thick disk; Sect. 4). The dramatic Al overabundances at near solar metallicities (up to 0.8 dex) are also completely at variance with what is expected for stars in the solar neighbourhood. The origin of the high Na and Ba abundances in some control stars is unclear, but might be related to systematic errors in the atomic data. The abundances are derived from a single line in both cases.
The RS CVn systems often display higher abundance ratios than the control stars at a given [Fe/H] value (Fig. 4) . To test the hypothesis that it is related to differences in the activity level, we plot in Fig. 5 the abundance ratios as a function of R ′ HK and R X . The positive correlation seen for several elements (e.g. Al, Ca) suggests that the observed overabundances may arise from activity-related processes. This hypothesis is examined in the following. N(B) ] ⊙ . The corresponding 1-σ uncertainties and the number of lines used, N, are indicated. Blanks indicate that no EWs for the element in question could be reliably measured. The last row gives the lithium abundances. In this case we use the usual notation: log ǫ(Li) = log N(Li) − 12.0. The abundances of Na, Mg, Ca and Li have been corrected for departures from LTE (see text and 
Table 2a. Abundances of the active binaries. We use the usual notation: [A/B]=log [N(A)/N(B)] ⋆ −log [N(A)/

Discussion
Cool spot groups are known to cover a large fraction of the stellar photosphere in chromospherically active stars. For one star in our sample (HD 119285; see Paper II), Saar, Nordström & Andersen (1990) derived a spot filling factor in the range 0.18-0.37 from a modelling of the TiO bandhead at 8860 Å.
To investigate the impact of these features on our results, we have created a composite Kurucz synthetic spectrum of three fictitious stars with T eff =4830 K, covered by cooler regions (∆T eff =-1000 K) with different covering factors, f s =0, 30 and 50% (Paper II, see also Neff, O'Neal & Saar 1995) . We then derived the abundances from these composite spectra following exactly the procedure used for the analysis of the active binaries. The differences between the results obtained for the unspotted star are given in Table 5 . As can be seen, the existence of cool spots generally leads to a systematic overestimation of the abundance ratios with respect to iron. The impact on the resulting abundances can be significant and may account for the overabundances observed for some elements (e.g. Ca). This mostly results from a filling in of the iron line profiles, a behaviour which seems supported by the apparent iron deficiency at high activity level seen in Fig. 6 (see also Cayrel, If this interpretation is correct, an asymmetrical distribution of cooler photospheric regions is expected to lead to a variation of the derived abundances as a function of the rotational phase. Ottmann, Pfeiffer & Gehren (1998) carried out time-resolved spectroscopy of several RS CVn binaries, but did not find convincing evidence for such an effect. Most spectral lines used in this study are generally strong and of low excitation, and are therefore bound to form in upper photospheric layers where the effect of the low chromosphere may be appreciable. We have investigated in Paper II the influence of a chromospheric temperature rise on the abundance ratios. To this end, a LTE abundance analysis was carried out using modified Kurucz atmospheric models characterized by a temperature gradient reversal in the outermost regions and an overall heating (up to 190 K) of the deeper photospheric lay- Table 3 . False alarm probabilities for a chance correlation between the temperature differences and the activity indices (all values expressed in per cent). The numbers in brackets refer to the active binary dataset alone. ers (see fig.3 of Paper II). We considered two model chromospheres meant to be representative of K-type giants (Kelch et al. 1978) and RS CVn binaries (Lanzafame, Busà & Rodonò 2000) . Excluding Sc and Ba, the incorporation of a chromospheric component yields abundance ratios that do not differ by more than 0.13 dex from those given by classical Kurucz models. Taking into account chromospheric heating may have a significant impact on the derived abundances of some elements, but appears insufficient to account for the anomalously high Na and Al abundances, for instance.
Another important, related issue is the fact that the NLTE corrections applied to the abundances of some elements (Na, Mg, Ca) are based on 'conventional' atmospheric models not including a chromospheric component, the latter being a key ingredient in NLTE line formations studies (e.g. Bruls, Rutten & Shchukina 1992) . In a companion paper, we have recently discussed the behaviour of the optical oxygen abundance indicators in active stars . While [O ] λ6300 appears to be largely unaffected by chromospheric activity, the 7774 Å-O  triplet yields abundances dramatically increasing with R ′ HK or R X , even after 'canonical' NLTE corrections are applied. These two diagnostics have about the same sensitivity (in an absolute sense) against atmospheric parameter changes, but a completely distinct behaviour in terms of departures from LTE (the O  triplet is strongly affected, whereas [O ] λ6300 is insensitive to these effects). This discrepancy between the two indicators may therefore indicate that the NLTE corrections to apply to the permitted oxygen lines in chromospherically active stars largely exceed what is anticipated for their inactive analogues. It is conceivable that a similar conclusion, albeit to a lesser extent, also holds for other chemical species. As far as iron is concerned, however, the fair agreement between the excitation/(B-V)-based temperatures or the ionization/isochrone gravities (Sect. 5) does not argue in favour of strong deviations from LTE in our sample. One may expect overionization to be an important process in active stars in view of their strong UV excess (Stauffer et al. 2003) , and to manifest itself by an overall depletion of the neutral ioniza- Fig. 1 . We define the mean abundance ratio of the α-synthezised elements, [α/Fe], as the unweighted mean of the Mg, Si, Ca and Ti abundances. The thick dashed and dotted lines show the characteristic trends of kinematically-selected samples of thin and thick disk stars, respectively (Bensby et al. 2003) , The data for Sc, Co and Ba are taken from Reddy et al. (2003) . tion stage. Evidence for an unexpectedly large overionization of iron in young open cluster stars is indeed recently emerging (e.g. Schuler et al. 2003; Yong et al. 2004) . If explained in terms of NLTE effects, the large overabundances derived from neutral lines (e.g. Na , Al ) would apparently require a competing physical mechanism capable of dramatically overpopulating the neutral stage in such a way that it overwhelms the action of overionization (see, e.g. Bruls et al. 1992 for a discussion of the various NLTE mechanisms possibly at work).
Contrary to the situation for some globular cluster stars ascending the red giant branch, it is unlikely that the surface abundance anomalies observed result from deep mixing processes not accounted for by standard evolutionary models. One could speculate that this extra mixing mechanism is related in some way to the spinning up of the stars in asynchronous Xray binaries because of the transfer of orbital angular momentum (see, e.g. Denissenkov & Tout 2000) . This hypothesis cannot be discarded on the basis of the generally high Li abundances derived (Table 2a ; Paper II), as little Li depletion might not provide compelling evidence against prior mixing phases (Charbonnel & Balachandran 2000) . tent accompanied by a decrease of the Al and Na abundances (e.g. Kraft et al. 1997 ), but these observational signatures are not seen in our sample.
Independently from the various activity processes discussed above, we call attention to the fact that temperature effects may also play a significant role in inducing abundance peculiarities. In close analogy to the behaviour of the oxygen triplet , the abundance ratios of several elements are anticorrelated with T eff (Fig. 7) . Similar trends for some chemical species, but over a wider temperature range (4600-6400 K), have been reported in a sample of planet-host stars by Bodaghee et al. (2003) . The dependence with respect to T eff is qualitatively different, however, being even opposite in some cases to what we observe (e.g. Ca). Since the coolest stars in our sample (i.e. the RS CVn binaries) are also the most active, it is very difficult to disentangle temperature and activity effects. Unfortunately, few inactive stars with near-solar metallicity and in the relevant temperature range (T eff < ∼ 5000 Table 4 . Effect of changes in the stellar parameters on the abundance ratios derived for HD 10909 (see Paper II). The iron content is given by the Fe  lines. K) have abundances reported in the literature (e.g. Feltzing & Gustafsson 1998; Affer et al. 2004; Allende Prieto et al. 2004 for the most recent works). A systematic, homogeneous abundance study of a large sample of inactive K-type stars seems worthwhile for a proper interpretation of Fig. 7 . Of relevance is the substantial overionization of some metals recently reported in K-type field stars (e.g. Allende ). This deviation from ionization equilibrium may indicate caveats in our modelling of the atmospheres of cool stars or, perhaps more likely, a still fragmentary understanding of line formation in these objects. In particular, the increasing magnitude of overionization effects with decreasing temperature is not predicted by current NLTE calculations (e.g. Thévenin & Idiart 1999) .
Conclusion
The analysis of this enlarged sample of RS CVn binaries has allowed us to place the conclusions presented in Paper II on a much firmer footing. In particular, we confirm the existence in chromospherically active stars of a (V − R) and (V − I) excess leading to spuriously low colour temperatures. The active binary systems analyzed are characterized by abundance ratios generally at odds with the global patterns exhibited by galactic disk stars. We have argued that systematic errors in the determination of the atmospheric parameters are not expected to have a very significant impact on the abundance patterns (Table 4 ). The effect of cool spot groups is to lead to a systematic overestimation of the abundance ratios with respect to iron (Table 5) , in qualitative agreement with the general pattern observed. As such, this constitutes an attractive explanation for the abundance peculiarities discussed in this paper. The observed correlation between the abundance ratios of some elements and the stellar activity level (Fig. 5 ) may also fit into this picture, considering the statistical relationship between the incidence of starspots and the X-ray emission (Messina et al. 2003) . However, the lack of an a priori knowledge of, e.g. the temperature difference between these cool features and the undisturbed photosphere or the spot covering factor makes difficult a quantitative foray into the relevance of this scenario. In addition, the effect of other competing mechanisms (e.g. plage areas, chromospheric heating) should, in principle, also be simultaneously taken into account. The anomalous abundances presented by some elements (e.g. Na, Al) may betray the action of an additional process causally linked to chromospheric activity. Unexpectedly large departure from LTE arising from nonthermal line excitation is a plausible candidate, but the physical process capable of inducing such an overpopulation of the neutral stage remains to be identified. Overionization would be instead expected to play a significant role in stars with such a UV excess. Finally, it cannot be ruled out that general limitations in our current understanding of K-type stars with extended atmospheres (NLTE line formation, atmospheric modelling; Fields et al. 2003) are at least partly responsible of the odd abundances observed (Fig. 7) .
Determinations of the coronal abundances in chromospherically active stars have flourished in recent years (e.g. SanzForcada, Favata & Micela 2004) and have given an impetus to studies of chemical fractionisation processes in stellar coronae (e.g. Drake 2003) . Unfortunately, the lack of photospheric abundance determinations for elements other than iron (which results in the customary use of the solar pattern as reference) may lead to misleading results and impedes a clear interpretation of this phenomenon. Although our initial goal when this project was initiated was to fill this caveat by determining accurate photospheric abundances for chemical species of prime interest in the context of X-ray studies (namely, O, Al, Ca, Ni, Mg, Fe, Si) , 4 we have shown here that the photospheric abun- dances derived in very active stars are likely plagued by systematic effects (see in the case of oxygen). Until these effects are better understood, great caution must therefore be exercised when using these data.
It is remarkable that all our programme stars (see also Paper II) share about the same evolutionary status, i.e. they are at the bottom of the red giant branch or are starting to ascend it (Fig. 2) . This supports the idea that enhanced chromospheric activity is associated with a specific evolutionary stage during which the spinning up of the stars, coupled with the formation of a deep convective envelope, greatly enhances dynamo action (Barrado et al. 1994) . We should point out, however, that our sample is not free from selection effects: we have preferentially selected slow rotators, which are presumably characterized by a comparatively low level of coronal activity. (Gratton et al. 1999; Carlsson et al. 1994) . The corrections are defined as: ∆ǫ = log(ǫ) NLTE − log(ǫ) LTE . 
